Abstract. Control of technological processes of coal preparation takes place in the presence of wide disturbances. An important problem is the choice of the controller which is robust for a variety of disturbances. No less important problem in the control process is the tuning of the controller parameters. In the paper the analysis of influence of changes in object model parameters on the course of the controlled value was carried out. For the controller settings, calculated according to model parameters research was carried out on object with other values of parameters. In the studies a sensitivity analysis method was used. The sensitivity analysis for the three methods of tuning PI controller for control systems of coal preparation processes characterized by dynamic properties of the inertial element with time delay was presented. Considerations were performed at various parameters of the object on the basis of the response of the control system for a constant value of the set point. The assessment of the considered tuning methods based on selected indices of control quality was realized.
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One of the primary tasks of the control system is to maintain the value of the controlled variable (process output) at the desired level. An important problem from the point of view of the control quality is also getting the appropriate course of the controlled variable and reduce the influence of disturbances running on the system. Compliance with these requirements may be accomplished by an appropriate selection of the structure of the controller and its settings. Many methods of tuning the controller use a dynamic model of a control object (determined on the basis of dynamic characteristics of the controlled process). The description of the properties of the dynamic process by using a mathematical model is helpful in the design of the control system. Knowing the dynamic model and its parameters we can analytically determine the controller settings for the assumed criterion of the control quality. Different processes with the same dynamic properties can be described by a dynamic model of the same structure which differs in only parameter values. Such an approach makes it possible to apply the same type of controller in control systems of various industrial processes. This also applies to the processes of coal preparation.
The dynamic properties of many processes of coal preparation can be characterized by the inertial model of the first order (described time constant T) with time delay W [1-4].
The PI controllers have two tuning parameters to adjust: the proportional gain (kr) and integral time (Ti). One of the basic methods of tuning of the PI controller is the method of Ziegler-Nichols of the identification test [5] . The Z-N method may be the initial method of tuning for many processes of the coal preparation where the dynamics has the properties of the a Corresponding author: rkaula@polsl.pl inertial system of the first order with time delay. Many authors dealing with the tuning of PI controllers parameters for processes with dynamics of the first order inertial model proposes settings based on the reduction of the time constant [6] . In these methods (R) it is assumed that the parameter Ti of the integral term is equal to the time constant Ti=T of the system. Differences in the settings are the result of the adopted tuning criteria of the parameter kr. In the paper [7] a new approach for tuning PI controller for inertial object with time delay has been proposed. In the direct method (D) of controller tuning an additional criterion was used. The condition on the phase margin from the Nyquist criterion was applied.
It should be noted that the identification of the object parameters (including the time constant) under industrial conditions is usually performed during normal operation (with the influence of disturbances). Thus, determined parameters of the dynamic model may be different from the actual values of the process. The control system with controller which is tuned on the basis of such the model may not satisfied assumed requirements of the control quality. In the paper we analyse the impact of changes of the object model parameters on the course of the controlled variable. In the study the sensitivity analysis has been used. One of the important indicators to assess the control quality is a parameter describing the sensitivity of the controlled variable on change in the object parameters. 
Relative sensitivity of the transfer function of the closed system according to parameter } , { W D T can be expressed by the formula:
After transformations: The simulation studies of the response of the control system on step change of the set point were carried out. In each considered case a constant value of gain k = 1 of the object was assumed. The controller settings for T=500 s and W=250 s were calculated. The study on the system with parameters ܶ ± 0,5ܶ and ߬ ± 0,5߬ was carried out. Changes in one and both parameters simultaneously were assumed.
The results are shown in Table 1 . To assess the control quality, the criterion of the integral of the squared control error (in relative terms) and parameters: rise time tn and settling time tu were used.
The sensitivity analysis for three methods of the tuning PI controller in the control systems of coal preparation processes characterized by the dynamic properties of the inertial system with time delay was carried out. The studies of the control system at the object parameters which differed to a certain range from T and W (Table 1) were performed.
Responses of the control system for a step change in the set point were obtained. Based on the courses it can be noted that for all considered cases (except one) regardless of the choice of the method of the parameter settings of the PI controller, the controlled variable assumes a steady state value. This shows a large robustness of the PI controller on disturbances connected with the change of the dynamic properties of the object (or inaccurate identification of the parameters). Only at controller settings according to the ZN criterion for case 7 the system is unstable. In this case the ratio ((T-'T)/(W-'W))=2/3 is less than the ratio T/W=2 for which the settings of the PI controller were tuned. The situation in which the ratio of ((T-'T)/(W-'W)) is less than the T/W ratio refers also to cases 2 and 3. In these cases we may notice the presence of the larger oscillations of the controlled variable.
The best results of the control (the control quality) from the point of view of the integral index for cases 4 and 8 were obtained. This occurs when the parameter of the time delay W (accepted for the settings) is larger than the actual time delay of the object. Analyzing the transient nature of the controlled variable and the quality parameters it should be noted that in these cases were achieved better control quality than at the control system in which the controller settings for the actual object parameters were determined. Comparing indices of the control quality for the analyzed methods of the tuning of the controller settings you will notice the largest variability for the ZN method and the smallest for the method of reduction (R). The transients of the controlled variable for the tuning method of ZN in most cases are oscillatory. The oscillations are not present in the transients of the controlled variable for the method of the reduction (R). This is achieved at the expense of significant deterioration of other quality parameters. The transients have the longest settling time and rise time for the settings according to the criterion of the reduction (R). The value of the integral index is the smallest in five cases for the method of ZN and in two cases for the direct method (D). In most cases the shortest settling time of the transient in the direct method (D) was obtained.
For the assumption of larger time delay in the controller settings, relative to the real delay of the system (identified parameter larger than actual), the quality of control was improved. The obtained results in identifying the parameters of the system model and a new approach to the tuning of the PI controller can be very helpful.
